Experimental Methods
In order to create uniform ice samples that are suitable for light absorption measurements and chemical analysis, a new method was used. Solutions of 250 gM 4-nitrophenol in milli-Q water were frozen and then pulverized at 77 K. Pulverization was achieved using a porcelain mortar and pestle, which were cooled with liquid nitrogen before and during pulverization. 13 mm x 4 mm polycrystalline ice pellets were made from the ice powder under an applied pressure of 89.6 MPa using a French press. After annealing overnight at 248 K under ambient pressure (10 • Pa), the pellets were irradiated with light over the wavelength range of 300-370 nm. A high pressure 1000 W Hg-Xe arc lamp was used as a light source in combination with a 320 nm band filter and a 300 nm cutoff filter. The incident light intensity was determined to be 8.5 x 10 •ø photons.s-•-cm '2 using Aberchrome-540 as a chemical actinometer (Heller, 1978) . During the experiments, the ice pellets were placed (one at a time) in an isolated slot in a copper block, which was maintained at a constant temperature of 258 K. After irradiation, the pellets were thawed and analyzed using liquid chromatography (HP 1090), ion chromatography (Dionex BIO-LC) and total organic carbon analysis (Shimadzu TOC-5000A). As a result of light scattering and the uncertainties associated with the path length of light propagation through the ice, the light absorbance of the 4-nitrophenol in the pellets was determined using a UV-VIS spectrophotometer During irradiation of the ice pellets (300nm _< ;k < 370nm) the measured 4-nitrophenol concentration decreased with time according to apparent pseudo-first order kinetics (Fig. 2) with an observed rate constant of 7.2 x 10" min -• (+ 4 x 10'4). Three aromatic compounds, hydroquinone, benzoquinone and, 4-nitrosophenol (Fig. 3) and two inorganic anions, nitrate and nitrite (data are not shown) were detected as reaction products of the solid ice-phase photolysis of 4-nitrophenol. Even though the sum of the detected aromatic reaction products did not account for the total amount of 4-nitrophenol that disappeared, TOC analysis showed that the latter did not change significantly over a time period of 90 rain (Fig. 4) .
Above 420 nm where the light absorption by 4-nitrophenol is very small (Fig. 1) , no apparent change in the 4-nitrophenol concentration was observed (Fig. 2) 
In spite of the much stronger cage effects expected in ice, the exclusion of 4-nitrophenol from the ice crystal and its concentration between the ice crystals, the photochemical reaction occurs at rates that are similar to the corresponding reaction rates in the aqueous phase at 25øC. The main difference between the two phases is that in aqueous solutions, the aromatic products account for a larger fraction of the degraded 4-nitrophenol. As can be seen from the data in Fig. 3 , the detected organic reaction products reach concentrations in the micromolar range suggesting that their photochemical lifetimes are relatively short. As previously mentioned during the course of photolysis the decrease in the total organic carbon levels (TOC) is much lower then the degradation of the 4-nitrophenol. Over an irradiation exposure of 90 minutes, the TOC decreased by only 2.25 mgC/L whereas the 4-nitrophenol concentration decreased by 120 These observations were interpreted in terms of nitrate photolysis in snow, followed by the production of hydroxyl radical which, in turn, is expected to lead to the production of H202, HCHO, and other organic compound destruction in polar snow during spring and summer. Since polar ice cores are used extensively to probe the atmospheric paleo-chemistry and to predict the evolution of climate, more systematic investigations of post-depositional chemical changes due to direct and indirect photolysis are needed.
